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Many rural towns and cities throughout Nebraska have experienced consistent
population decline over the past 50 years, and the highway system once built to
accommodate hopddr growth is not serving the populationwasll as it could. These
towns and cities would benefit from implementing a road diet conversion on their main
highways Within rural communities, road diets are an increasingly popular method of
improving safety along major arterialsough the reductioaf excessapacity in favor
of increasing refuge areas for turning vehicles. A typical application might be the
restriping of a fotane undivided highway into a thréene highway comprised of two
lanes of through movement and a tway leftturn lane Deciding when or if to
implement a road diet conversion involves the consideration of many faiers.
consideration of numerous factors can often leakpbtanations on the feasibility of road
improvement projects saturated widithnical language&ince support for road
improvement projects such as road diets lies in the public sector, the decision making
process needs to be made easy to understand.

Public edification of the decision making process involves streamlining the
processas well as reducing criteria which are technically sound yet abstract to the public.

To streamline the decision making processase study and sensitivity analysis



conductedo determine best practigemvaluation methodology, and decision making
processesA beforeand after simulation analysis performed using VISBI, examining
delay Existing literature on road diets is used to establish broad guidelines and determine
long-term effects, such as changes in crastsr&eisting literature is alsosed tchelp
measurghe effects of road diet improvements on roadway performaseeonomic
benefits and costs, metrics which are more easily understotba public Existing
volume conditions at the case study lomas ae found to be welbelow capaity, and

the facility performsequally well when modeling with and without tread diet
improvements Subsgquently, sensitivity analysis iconducted to determine the impact
of volume demandsn the bottom line costs and benefits of a road diet coimverEhis
information is then used to create guidelinegh easily understood criterifgr making

decisions on whether or not a road diepiovement should be implemented.
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CHAPTER 1 INTRODUCTION

This chapter provides an introduction to the research presented as part of this study. The
background section introduces the general conceptadfdiet implementations, and the
factors that impact whether they should be pursued. The research questions and analysis
methodology are presented in the second and third sections of this chapter. Finally, a

description of the document layout is provided

1.1 Background

In many rural towns, a twtane undivided highway expands to a féame undivided
highway as it arrives at the edge of town, and narrows back to two lanes as it exits the
other side. However, these rural towns rarely have the traffic veltongarrant four

lanes. Transportation engineers have been looking for different methods of improved
sustainability for rural roadways. In recent years, there has been an increase in the
implementation of road diets. A road diet is the reduction imtimeber of lanes of a
roadway. Typically for rural applications, this would be a four lane undivided highway
that is restriped to three lanes, one being aviay leftturn lane (TWLTL). The

remaining lane space can then be used for a variety of pa&sbinost frequently it is

left as additional shoulder space, but in some cases it may alternatively be used as on
street parking or landscaping. Some of the major benefits of a road diet include better
mobility and access, and an enhancement to thbility and walkability of the roadway,
and some improvement to safety where conflicts between turning and through

movements are reducdd]
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1.2 Research Questions
This research seeks to address thaliég of road diet conversions in Nebraska by
identfying expected impacts to operations and other performance metrics that result from
a road diet implementation. The primary objective is to develop the framework to
determine road diet feasibility usimgputs which are readily available to regional and
local decision makers. There are two main questions examined to develop this
framework: (1) because the information is readily available, how accurate of a predictor
is AADT regarding the feasibility of ebad diet conversion, and (2) beyond AADT, what
are other readily available factors which are predictive of the feasibility of road diet
conversions.

To answer the first question of AADT as an indicator for road diet feasibility, four
roadway corridorsrbm separate sites throughout Nebraska are assessed withdrefore
after analysis for road diet conversions. This analysis is performed using both Synchro,
implementing the methodology from the Highway Capacity Maff]aknd VISSIM,
implementing traffic microsimulation analysis. The sites selected exhibit different levels
of congestion, indicated by the AADT for the corridor, to establish a baseline for the
range of AADT for which a road diet conversion is expetieloe feasible. Then,
congestion sensitivity analysis is conducted by running traffic operations analysis on
multiple volume scenarios at each location. The volume conditions will be used to
establish the ability of AADT to predict road diet feasibility@ss differing roadway
geometries, seeking to make broader assumptions about the feasibility of road diet
implementations in Nebraska. Recommendations are made regarding the range of AADT

for which road diets are expected to be universally feasibleatigerover which further
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study is needed, and the range of AADT for which road diets are expected to be
infeasible.

To investigate the second question regarding other indicator variables for the

feasibility of road diet implementations, a cbsinefit analsis will be conducted for all
sites and volume conditions. Results of the-testefit analysis will be examined,
relative to a variety of parameters such as average delay and change in average delay, to
determine which factors have the greatest influemcthe economic feasibility of road

diet conversions.

1.3 Methodology

This research study involves the analysis of predicted impacts of road diet
implementations converting folgine roadways to twtane roadways with a twavay

left-turn lane (TWLTL). The pmary inputs for the study are the existing roadway
geometry and the observed pdalur traffic at the case study sites selected. The primary
performance metric for the roadway facilities is the operational analysis of both existing
and proposed conditisnusing the average delay per vehicle as a service measure.
Secondary output measures include other measures of mobility such as average stops per
vehicle, as well as cosienefit analysis of the case study sites. A set of volume scenarios
will be examired which increase the traffic demands until failure of the facility, to aid in
investigating a broader range of AADT than what is able to be observed through field
data collection. To collect the necessary data for this study, five MioVision Scout

cameragvere placed at major intersections along each study corridor.
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The data was analyzed using two separate software applications, Synchro and
VISSIM. Synchro is a traffic modeling software based on the Highway Capacity Manual
(HCM) [2] methodology, utilizing macroscopic flow parameters to analyze traffic
performance. VISSIM is a micreimulation traffic modeling software, modeling the flow
of each car through a road network and aggregating the individual resygtseiate
performance measuréehes e programs were used for a #fb
comparing the movement of vehicles for the current-fane roadway crossection to
the movement of vehicles for the reduced capacitylame crosssection.

To establish an analysis baseline for the case study sites, the existing network
performance is analyzed in Synchro, which is based on the Highway Capacity Manual
VISSIM analysis of the case study corridors was conducted by creating two models for
each siteOne model for the existing condition and one model for the road diet condition.
An economic analysis of the effects of road diet improvements is conducted, performed
in accordance with guidelines and procedures set forth by the American Association of
State Highway and Transportation Officials (AASHTO) in thger and NorJser

Benefit Analysis for Highwayf3]

1.4 Document Layout

This thesis is divided into nine chapters. Chapter 1 is the introduction. Chapter 2 reviews
road diets: examining factors affecting feasibility and jpogtiementation impacts, and

the current wte of practice in codienefit economic analysis. Chapter 3 reviews the
methodology for the data collection, operational analysis, and economic analysis required

by the research. Chapter 4 reviews the case study sites selected for analysis as well as the
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methodology for selecting those sites. Chapter 5 reviews the collection and reduction of
traffic data used as input in the research. Chapter 6 discusses the results of the
simulations performed during the research. Chapter 7 discusses the limitatioms of t
work performed during the course of the research. Chapter 8 presents the decision matrix
created from the results of the simulations and analysis. Chapter 9 is the conclusion and

recommendations for further research
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CHAPTER 2 LITERATURE REVIEW
The literaturaeview for this study is broken out into four sections. The first section
examines the current literature on the use of AADT to make determinations about the
feasibility of reducing capacity through the repurposing of lanes as part of a road diet
implemenation. The second section reviews the literature on the safety improvements
experienced as a result of road diet implementations; ideally a road diet should be
implemented in a location where the existing facility has excess capacity, such that a
reductionin lanes can provide opportunities for safer travel without reductions to
operational performance. The third section of the literature review examines the inter
related operational performance metrics of speed, travel time, and average delay. The
fourth and final section of the literature examines which additional feasibility factors

have been utilized by other studies when assessing road diet implemenations.

2.1 Traffic Volume Impacts on Road Diet Feasibility
Many studies have conducted research on thetefé@ess of road diet conversions in
relation to the AADT of the roadway corridor on which the road diet is being
implemented.
Welch conducted a study with sites in Seattle, Washington, and founrddbat
diets to be feasible on roadways with AADT up 60R0+vehicles per daywith results
shown below infable2.1.[4] The pri mary concern of Wel chos
into changes to crash rates and ADT; the author found that ADT increased on all
locations despite the constrained capacity, while reported crash rates redweeel or

held constant.



Table 2.1 Results of road dietonversionn Seattle, Washingtojd]
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Data on Street Conversions - Seattle, Washington
ROADWAY DATE ADT ADT CHANGE COLLISION
SECTION CHANGE (BEFORE) (AFTER) REDUCTION
Greenwood Ave. N, 4 lanes to 2 lanes plus 24 to 10
from N 80" St. to N April 1995 11872 12427 TWLTL plus bike lanes
50" St. 58%
N 45" Street in 4 lanes to 2 lanes plus 4510 23
Wallingford Area December 1972 19421 20274 TWLTL 49%
8™ Ave. NW in 4 lanes to 2 lanes plus 18107
Ballard Area January 1994 10549 11858 planted median with
turn pockets as needed 61%
Martin Luther King 4 lanes to 2 lanes plus 15106
Jr. Way, north of |- January 1994 12336 13161 TWLTL plus bike lanes
90 60%
Dexter Ave, N, East 4 lanes to 2 lanes plus 1910 16
side of Queen Anne June 1991 13606 14949 TWLTL plus bike lanes
Area 59%
24™ Ave, NW, from 4 lanes o 2 lanes plus 1410 10
NW 85" St.toNW | October 1995 9727 9754 TWLTL
65" St 28%
Madison St., from 4 lanes to 2 lanes plus 28 1o 28
7" Ave. to July 1994 16969 18075 TWLTL
Broadway 0%
W Government 4 lanes to 2 lanes plus 6106
Way/Gilman Ave, June 1991 12016 14286 TWLTL plus bike lanes
W, from W Ruffner
St. to 31", Ave. W 0%
12" Ave,, from 4 lanes 1o 2 lanes plus 160 16
Yesler Way to John March 1995 11751 12557 TWLTL plus bike lanes
St 0%
Total 18510 122
34%

Studying road diet conversions across the United States, Knapp and Giese found

successful road diet conversions for roadways with AADT rangimg 8@00 to 24,000

vehicles per daypased on improvements to safety with negligible impacts to traffic

operations, shown below rable 2.2 [5]
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Table 2.2 Results of 2001 roadiet conversion study by Knapp and Gi¢Sg

Location | Approx. ADT | Safety | Operations
Montana
Billings—17th Street West 9,200-10,000 62 percent total crash No Nowble Decrease®*
reduction (20 months of
data})
Helena—LU.S. 12 18.000 Improved** Mo Motable Decrease**
Minnesota
Duluth—21st Avenue East 17.000 Improved** No Notable Decrease**
Ramsey County—Rice Street | 18,700 Before 28 percent total crash NA
16,400 After reduction (3 vears of data)
lowa
Storm Lake—Flindt Drive B.500 Improved** MNo Motable Decrease*®*
Muscatine—Clay Street 8,400 Improved** NA
 Dsceola—U.S, 34 11,000 Improved** Mo Motable Decrease**
Sioux Center—U.S. 75 14,500 57 percent total crash Owerall travel speed
reduction (1 year of data) | decreased from 28-29 mph
to 21 mph, and free-flow
speed from 35 to 32 mph.
There was a 70 percent
decrease in speeds greater
than 5 mph over the posted
speed limit.
Blue Grass 9,200-10,600 NA 85th percentile speed
reduction up to 4 mph (two
locations increased | to 2
mph in one direction). The
change in percent vehicles
speeding depended upon
location and direction (see
discussion),
Des Moines (Note: This was | 14,000 NA Average travel speed
a conversion from multiple increased from 21 to 25
cross sections 1o a three-lane) mph
California
Oakland—High Street 22,000-24,000 17 percent in total crash Mo notable change in

reduction (1 vear of data)

San Leandro—East 14th
| Street

16,000-19,300 Before
14.000-19.300 Afier

Washington

vehicle speed

52 percent in total crash

reduction (2 years of data)

Maximum of 3 to 4 mph
spot speed reduction

Seattle—Nine Locations

9.400-19,400 Before
9. 800-20,300 After

34 percent average total
crash reduction (1 year of

NA

data)

*NA = Not Available. Safety data duration is for before/after conversion.
**Summarized results based on anecdotal information.

The Highway Safety Information System (HSIS) evaluated and found road diets

to be successful on siteslowawith AADT volumes ranging from 3,718 to 26,376



17

vehicles per day in a 2010 stud§] This study is notable for the large number of sites

investigated, both of road diebplementations as well as control locations not

undergoing geometric changes, as shown belolabie 2.3

Table 2.3 Results of 2010 road diet study by H$6$

DATABASE/SITE TYPE

lowa Treatmant
(15 sitas)

lowa Refarance
(296 sites)

HSIS Treatment
(30 sites)

HSIS Refarence
(51 sites)

CHARACTERISTIC MEAN MINIMUM MAXIMUM
Years bafore 17.53 11.00 21.00
Years after 4,47 1.00 11.00
Crashes/mile-year before 23.74 4.91 56.15
Crashes/mile-year atter 12,19 227 30,48
AADT before 7,987 4,854 11,846
AADT after 9212 3,718 13,908
Average length {mi) 1.02 0.24 1.72
Years 21.8 5 23
Crashes/mile-year 26.8 0.2 173.7
AADT 8521 206 27,530
Average length (mi) 0.99 0.27 338
Yaars bafare 47 1.8 85
Years after a5 0.6 8.8
Crashes/mile-year before 28.57 0.00 11110
Crashes/mile-year atter 24.07 0.00 107 682
AADT before 11,5928 5,500 24,000
AADT after 12,780 6,194 26,376
Avarage langth (mi) 0.84 0.08 254
Years 7.82 4.50 1217
Crashes/mile-year 4219 5.96 168.73
AADT 15,208 1,933 26,100
Average length (mi) 0.95 0.10 ]|

A reportpublished bythe Kentucky Transportation Centeonducted by

Stamatiadis, Kirk, Wang, and Cutloncluded that road diets may be a feasible

alternative on roadways with AADT as high as 23,000 vehicles per day buisodgih

on roadways with low BT depending upon side street voluf@.Expanding ortheir

previous research, Stamatiadis and Ke#ned their finding toaecommend combined

ranges of ADTrfor the major and minor roadways at which a road diet implementation
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would be recommended, not recommended, or requiring additional evaluation, as shown

below inFigure 2.1. [8]

25000

20000

Notrecommended
15000

10000

Side Street ADT (vpd)

Recommended
5000

0 5000 10000 15000 20000 25000

Main Street ADT (vpd)

Figure 2.1 Results of 2012 road diet study by Stamatiadis and [Rirk

Pawlovich, Li, Carriquirry, and Welch found that AADT volumes for effective
road diet conversions range from 2,030 to 15,350 vehicles pej9fiayanreported
successfully implemented road diet conversions on sites with AADT ranging from 12,000

to 20,000 vehicles per dayL0]

2.2 Safety Impacts of Road Diets
So long as the demand flenate on the roadway is less than the reduced capacity, there is
negligible impact on traffic operations with the implementation of a road diet, with the

primary impact being an increase in safetylonfacility. With ranges of appropriate
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AADT values for road diets fairly well establishedstudy by Gates, Noyce, Talada, and
Hill concluded that road diets are a recommended option within a given range of average
daily traffic values if the roadway is experiencing safety problems related to the conflict
of left-turn traffic with through tréiic vehicles.[11]

Data prelous presented in the context of AADT analysis of road diet
implementations shed some light on the safety benefits experidraidd.2.1,
previously shownteflectsdata from several street conversions in Seattle, Washington. It
appears a 20 to 30% redwct in crashes would be a reasonable estimate of the potential
safety improvement of a fouto threelane conversior{4] Research conducted by
Knapp and Giese studied 13 road diet sites from Montana, Minnesota, California,
Washington, and lowa he author$ound that road diet conva&ons resulted in total
crash reductions ranging from 17 to 62 percastpreviously shown ifiable 2.2 [5]

A study by Pawlovich et al. compared 15 road diet sites against 15 comparison
sites in lowa to assess crash reduction due to road diets. Utilizing data provided over 23
years, the results dhis research indicate a 25.2 percent reduction in crash frequency and
an 18.8 percent reduction in crash ri@¢ Gates et al. examined nine road diet sites in
Minnesota in 2007. Of the nine sites studies, seven sites had crash data available and it
was determined that the road diets resulted in an overall crash reduction of 44.2 percent.
[11] In an attempt to better consolidate road diet impactsuBdrand Lyon reanalyde
previous studies with consistent analysis methods.imbisdeda studywith data from
Washington and California as well as a more redatd fromlowa in an attempt to
reduce differences in results by standardizing methodoldgg/combinedstudywith

revised methodology foural47 percent reduction in total crashes for lowa (25 percent
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originally) and a 19 percent reduction in total crashes for the HSIS study (6 percent
originally). When all of the data sets are combined, ceaahereducedn averagdy 29
percent][6] The results of this study are shopweviouslyin Table 2.3.

In a study on the safety implications of road diet conversidtedch assessed the
change in collision rates for nine sites in lo\¥d.The research identified collision rate
reductions ranging from Percent to 61 percent for the individual sites and established an
average, collision rate reduction of 34 percent across all $dabte 2.4 shows the three
year beforeand after midblock and nossignalized intersection crash information for a
four to threelane conversion project on Minnesota Trunk Highway 49 (Rice Street) in
Ramsey County, Minnesota. The ADT on Rice Street during the after period was 16,400

vehicles per day.

Table 2.4 Collision results for 1999 study by WelghH

MTH-49 (Rice Street), Hoyt Avenue to Demont Avenue
Ramsey County, MN
Collision Type Number of Collisions Percent
Before After Change

Rear End 68 39 -43
Sideswipe Passing 16 10 -38
Left Turn 23 20 -13
Right Angle 36 31 -14
Right Turn 2 2 0
Head On 5 0 -100
Sideswipe Opposing 2 1 -50
Off Road Left | 2 +100
Off Road Right 4 1 =75
Other 5 8 +120
Total 162 117 -28
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A study by Huang et al. analyzed 30 road diet sites from California and

Washington using 50 additionedntrolsites to determine the reduction in crash rates.

The research found a 6 percent reduction in total crashes on averagel idietctes.

[12] The results are reported Trable 2.5andTable 2.6, below

Table 2.5 Results of 2003 road diet study by Huang, Stewart, Zegeer, anilEkse

Group | Site Type Months of Data Crashes Percent Povalue
Number | (Note 1) Before After Before Afier After g

1 R 40 106 63 164 72.3
.009 9255

1 C 40 106 347 917 72.6

2 R 91 25 102 32 239
039 .8444

2 C 91 26 231 76 24.8

3 Note 2

4 R 56 56 82 74 474
014 9048

4 C 56 56 583 537 48.0

5 R 35 75 152 252 62.4
2,995 0835

5 C 35 75 95 208 68.7

6 R 50 60 85 97 53.0
538 4632

6 C 50 60 793 1005 55.8

7 R 74 19 44 8 15.4
015 9030

7 C 74 19 188 36 16.1

8 R 42 48 16 4 20.0
8.275 .0040

8 C 42 48 6l 73 54.5

9 R 66 12 255 28 9.9
3479 .0621

9 C 66 12 661 110 14.3

10 R 53 25 121 39 24.4
4.180 .0409

10 C 53 25 877 419 323

11 R 61 8 407 43 9.6
002 9610

11 C 61 8 1210 129 9.6

Total R 1327 741 358
Note 3 Note 3

Total C 5045 3510 41.0




22

Table 2.6 Results of 2003 road diet study byahg, Stewart, Zegeer, and EfE2]

ANALYSIS
CATEGORY

COMPARISON

Road Diets
Before vs. After

Comparison Sites
Before vs. After

“Before” Period
Road Diets vs.
Comparison Sites

“After” Period
Road Diets vs.
Comparison Sites

Reduction in

Crash Frequency “After” Period No Change No Difference Road Diets Lower
Crash Rates No Change No Change Road Diets Lower Road Diets Lower
Crash Severity No Change No Change No Difference No Difference
Difference: Difference:
1. Road diets had a 1. Road diets had a
higher percentage of | higher percentage of
Crash Type No Change No Change angle crashes angle crashes

2. Road diets had a
lower percentage of
rear-end crashes

2. Road diets had a
lower percentage of
rear-end crashes

Stamatiadis et al. studied the impacts of road diets at four sites in Kentucky. This
2011 study found that total crashes were redwsn average of 36 percent across the four
sites.[7] Also conducted in 2011, a study by Tan analyzed road diets from Florida,
Georgia, lowa, and Washington. From the study sites, crash rates were reduced anywhere
from 14 percent to 53 percefit0] In 2014, Knapp tal. documented the results of 10
separate road diet studies while compiling the FHWA Road Diet Informational
Guidebook. The compilation of this data noted that road diets resulted in a reduction in
total crashes ranging from 6 percent to 53 per¢&8j.The results of this study are
shown inTable 2.7, below Finally, a2015road dietcostbenefit analysis by Noland et
al. in New Jersey found that road diet conversions result in a 19 percent crash reduction.

[14]
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Table 2.7 Results of 201&Knapp et alstudy in FHWA Road Diet Guidebog¢k3]

Reference

Treatment Sites

ADT

Key Safety Results

FHWA, 2010

45 sites in California, lowa, and
Washington

371810 26,376

lowa data: 47% reduction in total
crashes

California and Washington data: 19%
reduction in total crashes

Combined data: 29% reduction in total
crashes

Noyee et al, 2006

7 treatment sites throughout Minnesota

8,300 to 17400

Traditional before-after approach: 42
439 reduction in crashes.
Yoked/group comparison analysis: 37%
reduction in total crashes and 47%
reduction in crash rates,

EB approach: 44% reduction in total
crashes,

Pawlovich et al., 2006

15 treatment sites throughout lowa

4,766 10 13,695

25.2% reduction in crash frequency per
mile; 18.8% reduction in crash rate.

Li and Carriquiry, 2005

15 treatment sites throughout lowa

3,007 1o 15,333

29% reduction in the frequency of
crashes per mile; 18% reduction in the
crash rate.

Huang et al,, 2003

12 treatment sites in California and
Washington

10,179 to 16,070

6% reduction in total crashes relative to
control; no reduction in crash rate,

Lyles et al., 2012

24 treatment sites throughout Michigan

3,510 10 17,020

9% reduction in total crashes (non-
significant).

Stout, 2005
Stout et al, 2005
Stout (year unknown)

11 to 15 treatment sites in various lowa
Cities

2,000 to 17400

21 to 38 percent reduction in total
crashes; similar reduction in crash rates.

Clark, 2001 One treatment site in Athens-Clarke 18,000 to 20,000 52.9% reduction in total crashes; 51.1%
County, GA reduction in crash rate {first 6 months),
City of Orlando, 2002 One treatrent site in Orlando, FL 18,000 to 20,000 34% reduction in crash rate; 68%
reduction in injury rate {first 4 months).
Preston, 1999 Minnescta Not Provided 27% lower crash rate on three-lane roads

than on four-lane undivided roadways
(cross-sectional comparison — not a
before-after study)

2.3 Operational Impacts of Road Dietsi Speed, Travel Time, and Average Delay

Aside from impacts on collision rates, road diet conversions hpeéeatialimpact on

travel time. This can be due to a reduction in free flow speed due to the loss of a lane, or

the increase in control delay at intersections. Welch found road dietrsmmeeto reduce

St u

average travel speed by 1.7 milesperhgiy T he resul ts of this

analysis are shown ifable 2.8.
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Table 2.8 Speed reduction results from 1999 study on road diets by \WaIch

Arterial LOS
US Highway 75 Corridor from 1* Street to N. 4" Street

Cross Section Total Average LOS
Corridor Travel
Travel Speed
Delay
Four lane undivided 20.5 secs 16.0mph | C
Three lane alternative 29.4 secs 143mph | C
Five lane alternative 15.8 secs 17.1mph | C

Knapp and Giese found that road diet cosu®Ts reduce the average arterial or
85" percentile speed by 5 miles per hour or less. Results from the 2001 study also noted
that road diet conversions reduce the number of drivers traveling 5 miles per hour or
more above the posted speed lirthts reduction typically ranged from 60 to 70 percent.
[5] SeeTables2.9, 2.10 and2.11for more detailed information on speed reduction

effects of road diets from this study.

Table 2.9 Speed impact results from 2001 road diet study by Knapp and [B]ese

Undivided Four-Lane Three-Lane Average Arterial Min. Max.
Sensitivity Analysis Average Arterial Average Arterial Travel Speed Diff.* | Diff.*
Factor Travel Speed (mph) Travel Speed (mph) | Difference (mph)* | (mph) | (mph)
Total Entering Volume (vphpd)**
S00 22.0 20.7 1.3 0.8 1.7
750 20.3 19.6 0.7 0.0 2.0
875 20.5 18.7 1.8 1.5 2.7
1000 19.4 16.3 3.1 1.8 38
Access Point Density (ppm)
0 22.1 19.6 2.5 1.5 39
10 21.5 19.6 1.9 0.8 3.5
20 21.2 19.2 2.0 0.7 32
30 203 18.6 1.8 0.4 3.5
40 19.8 18.1 1.7 0.0 38
S0 20.1 18.6 1.4 0.2 3.6
Access Point Left-Turn Volumes (percent of total entering volume)
10 20.6 18.7 1.9 0.0 3.6
20 20.6 188 1.7 0.2 38
30 20.6 18.9 1.7 0.4 3.7

*Difference = Average Arterial Travel Speed with the Four-Lane Undivided Cross Section - Average Arterial Travel
Speed with the Three-Lane Cross Section; vphpd = vehicles per hour per direction; ppm = access points per mile per
roadway side,

**Differences for total volumes do not include those for the corridor with no access points.



25

Table 2.10 Speed impact results from 2001 road diet study by Knapp and [G]ese

Table 2.11 Speed impact results from 2001 road diet study by Knapp and [G]ese





















































































































































































































